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Climatic model simulations indicate that global temperatures are projected to
increase by 1 to 5.5 degrees Celsius by the year 2100. Given the significant
implications of climate change, it is imperative to acknowledge this phenomenon
in order to develop targeted strategies for mitigating its effects. This study
employed the Kendall tau method to analyze trends in climate change, and utilized
the Analytic Hierarchy Process (AHP) to evaluate criteria influencing urban green
spaces. Consequently, the Green Space Adaptation Index for Sabzevar City was
calculated for the year 2040. Changes in urban green space were assessed through
satellite imagery and the Normalized Difference Vegetation Index (NDVI). A
notable decrease in green space area, coinciding with urban expansion during the
study period (which aligns with the historical period of climate models and
observational data for Sabzevar), was observed. Furthermore, projections indicate
that the increase in temperature will continue with greater intensity over the next
decade (2021-2030). Subsequently, the per capita urban green space was
calculated. The analysis of climate data suggests that the development of green
spaces, commensurate with climate change, could play a critical role in enhancing
the resilience of Sabzevar City to climate change impacts. The implementation of
climate-responsive green spaces and their management could reduce greenhouse
gas emissions while fostering a more conducive environment for human activities.
However, due to urban sprawl and population growth, the adaptation capacity is
expected to decline from 0.48 during the baseline period to 0.32 in the 2021-2030
period. A total of 15 indicators across four criteria—cultural, managerial,
technological, ecological, and botanical—were synthesized using ArcGIS
software, based on importance coefficients derived from expert evaluations
conducted in Expert Choice software. The findings reveal that 26.9% of Sabzevar's
urban green spaces exhibit very low adaptation capability, 39.5% show low
adaptation, 14.4% are rated as medium, 8.7% as high, and 10.5% as very high.
Consequently, it can be concluded that 66.4% of urban green spaces in Sabzevar
are characterized by low adaptation rates, while only 19.2% demonstrate high
adaptation capacity, with 14.4% classified as medium. Overall, the results indicate
that the adaptation rate of urban green spaces in Sabzevar is currently inadequate,
particularly in the context of the escalating challenges posed by climate change.
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Introduction

Urban areas are increasingly influenced by climate change, particularly through rising
temperatures and declining precipitation, which present significant challenges to the quality
of urban life and environmental sustainability. Sabzevar, a city situated in an arid to semi-
arid region of Iran, is undergoing marked climate shifts that jeopardize its ecological balance
and urban resilience. Green spaces are vital in mitigating the effects of climate change, such
as the urban heat island phenomenon, while also enhancing thermal comfort and
biodiversity. However, the existing urban green infrastructure in Sabzevar appears
inadequate to address the accelerating impacts of climate change. This study seeks to
evaluate the effects of climate change on urban green spaces in Sabzevar and to propose
adaptation strategies informed by climatic modeling, remote sensing, and spatial
interpolation techniques.

Materials and Methods
This study utilized a mixed-methods approach that integrated climatic data analysis, remote

sensing techniques, and field surveys. Historical climate data spanning from 1997 to 2017
were subjected to analysis via the Mann-Kendall test to identify trends in temperature and
precipitation. Future climate projections extending to the year 2030 were simulated using
Coupled Model Intercomparison Project Phase 5 (CMIP5) models under the Representative
Concentration Pathway 8.5 (RCP8.5) scenario. The Normalized Difference Vegetation
Index (NDVI), derived from satellite imagery, was employed to assess the dynamics of green
spaces over time. Spatial interpolation techniques, including Kriging, Inverse Distance
Weighting (IDW), Spline, and Thiessen polygons, were utilized to map variations in summer
temperatures across the urban landscape. The accuracy of each interpolation method was
evaluated using root mean square error (RMSE), mean absolute error (MAE), and mean bias
error (MBE) as error metrics. Furthermore, Geographic Information System (GIS) tools and
expert surveys were implemented to assess the current adaptive capacity of urban green
spaces.

Results and Discussion

The analysis indicates a significant warming trend in Sabzevar, characterized by an average
temperature increase of approximately 1-1.5°C over the past two decades. Projections
suggest an additional rise of 2°C by 2030 under the RCP8.5 scenario. Precipitation trends
reveal a notable decline, which contributes to heightened drought stress and diminished soil
moisture availability. The analysis of the Normalized Difference Vegetation Index (NDVI)
reflects a gradual reduction in vegetation cover, particularly in central and lower-altitude
urban areas. Among the spatial interpolation methods employed, Kriging exhibited the
highest accuracy in estimating summer temperatures, as evidenced by the lowest Root Mean
Square Error (RMSE) and Mean Bias Error (MBE) values. The adaptive capacity of urban
green spaces was evaluated using a compatibility coefficient, which decreased from 0.48
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during the baseline period to 0.32 in future projections, thereby indicating an increasing level
of vulnerability. These findings are consistent with prior research that underscores the
critical role of climate-adaptive green infrastructure in arid and semi-arid urban
environments.

Conclusion

This study underscores the pressing necessity for climate-adaptive urban planning in
Sabzevar, particularly regarding the development of urban green spaces. The current per
capita allocation of green space is inadequate to address the challenges posed by rising
temperatures and decreasing precipitation levels. Implementing strategic adaptation
measures—such as expanding green space coverage, incorporating drought-resistant native
species, and employing resilient landscape design—proves essential for enhancing urban
resilience. Furthermore, the integration of climatic models, remote sensing technologies, and
GIS-based analyses establishes a comprehensive framework for evaluating and planning
adaptive green infrastructure. Future research should prioritize long-term monitoring of
climate trends and the efficacy of green spaces, in addition to the formulation of policies that
promote sustainable urban adaptation in response to climate change. However, due to urban
sprawl and population growth, the adaptation capacity is expected to decline from 0.48
during the baseline period to 0.32 in the 2021-2030 period. A total of 15 indicators across
four criteria—cultural, managerial, technological, ecological, and botanical—were
synthesized using ArcGIS software, based on importance coefficients derived from expert
evaluations conducted in Expert Choice software. The findings reveal that 26.9% of
Sabzevar's urban green spaces exhibit very low adaptation capability, 39.5% show low
adaptation, 14.4% are rated as medium, 8.7% as high, and 10.5% as very high. Consequently,
it can be concluded that 66.4% of urban green spaces in Sabzevar are characterized by low
adaptation rates, while only 19.2% demonstrate high adaptation capacity, with 14.4%
classified as medium. Overall, the results indicate that the adaptation rate of urban green
spaces in Sabzevar is currently inadequate, particularly in the context of the escalating
challenges posed by climate change.
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